AIm: This study reports our preliminary experiences in performing detachable micro-coils embolization for refractory traumatic carotid cavernous fistulas (TCCFs) and evaluates its efficacy and safety. mATeRIAL and meTHods: Fifteen consecutive patients with TCCFs treated with detachable micro-coils after initial failure of detachable balloons embolization are presented.
InTRoduCTIon
Carotid cavernous fistulas (CCFs) are abnormal arteriovenous communications between the carotid artery or its branches and the cavernous sinus. Fundamentally, CCFs are classified as spontaneous or traumatic, direct or indirect, low-flow or high-flow. Compared with the spontaneous variety, traumatic carotid cavernous fistulas (TCCFs) are usually from direct shunting between the carotid artery and cavernous sinus with high flow and pressure. TCCFs, also known as type A CCF, usually present with exophthalmos, ocular pain, chemosis, and visual disturbances. They may occasionally result in lifethreatening epistaxis or intracranial hemorrhage (11) .
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6 F guiding catheter (Evoy, Cordis, Johnson & Johnson Co., USA) was placed in the ipsilateral ICA. The micro-catheter was inserted into the cavernous sinus through the fistula tract under the guidance of road mapping. Then micro-coils were deployed in the cavernous sinus through the micro-catheter. Cerebral angiography was repeated sequentially after a coil was filled with checking for occlusion of the fistula. If the angiographic image shows faint persistent cavernous fistula and small-flow fistula, angiography was performed after 5-10 minutes. If the fistula was not visualized after this process, the operation was completed.
direct-puncture superior ophthalmic vein (SoV) approach
The procedure was performed by direct puncture SOV approach under local anesthesia (n=4). The method of systemic heparinization and nimodipine was the same as the transarterial approach. A 6 F guiding catheter (Evoy, Cordis, Johnson & Johnson Co., USA) was placed in the ipsilateral ICA for repeated angiography and road mapping during the process of the endovascular treatment. Then, under local anesthesia to the upper part of the medial orbital angle proximal to the extraconal portion of the SOV, the SOV was directly punctured using an 18-gauge sheathed needle. After puncture of the SOV, the micro-catheter was negotiated along with the micro-guidewire (Tracker Excel 14, Boston Scientific, Freemont, CA) into the cavernous sinus. The process of deploying the micro-coils into the cavernous sinus was the same as the transarterial approach (Figure 1 ).
RESulTS
The average number of micro-coils was 5 (range, 2~16) and average length was 95 cm (range 12~186 cm). Complete fistula closures were documented on postoperation angiography in 14 TCCFs, in which 3 cases the fistulas with dense packing were immediately disappeared, the other 11 cases the fistulas with loosing packing were disappeared after waiting 5~10 minutes. However, large residual flow remained
The ideal goal of management of TCCFs is occlusion of the fistula, while maintaining the ICA patency (2) . Transarterial deployment of a detachable balloon through the fistula and into the cavernous sinus has become a well-established technique to occlude the fistula. However, the failure of transarterial balloon embolization may occur in 5% to 10% of cases (4) . Recently, transarterial or transvenous microcoils embolization has been used for cases in which balloon embolization has failed (14) . However, we found most of reports presented relatively low numbers of patients treated with micro-coils (mostly beneath ten patients), and these patients were treated with the concept of dense packing cavernous sinus (2). So we found it worthwhile to present our preliminary experiences in 15 cases of TCCFs treated with micro-coils, and to valuate its efficacy and safety.
MATERIAl and METHodS

General Material
From the 47 cases of TCCFs treated in West China Hospital between January 2007 and January 2010, a total of 15 patients of refractory TCCFs treated with micro-coils after failure of initial standard therapy were included in our study. The description of the patient population is summarized in Table  I . There were 9 men and 6 women with a mean age of 42.4 years (range13-68 years). Patients had clinical presentations consisting of chemosis, proptosis, and cephalic bruit. This study only included patients with TCCFs in which balloon embolization failed.
Endovascular Treatment
Transarterial approach
The procedure was performed by femoral approach under general anesthesia (n=11). Heparin boluses were given throughout the procedure for a target activated clotting time of a value of twice the baseline value. Slow intravenous nimodipine infusion was also implemented during the procedure to prevent possible intraoperative vasospasm. A
Figure 1:
The embolization process via Direct-Puncture SOV approach.
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Figure 2:
The embolization process of the only recurring case. A) The angiogram shows a TCCF, with drainage into SOV and IPS. B) The unraveled part had to be pulled into the ipsilateral external carotid artery and fixed, and the fistula was not existed. C) The fistula was completely occluded although it was loosely packed. d) Left ICA angiography revealed residual shunting with IPS drainage after 2 weeks. E-F) The recurred fistula was successfully embolized by micro-coils combined with Onyx-18. g) The post-embolization angiography revealed the fistula was occluded.
in the another case because of the inability of negotiating the micro-catheter into the fistula once separated after the successful deployment of 5 coils, and the fistula and parent artery were occluded with balloons after confirming that the balloon occlusion test (BOT test) was negative.
One patient experienced micro-coil unraveling. The unraveled part was pulled into the ipsilateral external carotid artery (ECA) and fixed ( Figure 2A-C) . However, the fistula was completely occluded in spite of loose packing. In order to avoid the production of thrombosis, this patient was prescribed oral Clopidrogel (75 mg/day) and oral Aspirin (300mg/day) for a month and lifetime respectively. No permanent procedure-related neurological complication was observed in any of the 15 patients. All patients underwent clinical and angiography follow-up for a median duration of 22 months (range, 14 to 48 months); out of which the only one worthy of attention was the one mentioned above, in which the micro-coil was unraveled and revealed residual shunting with inferior petrosal sinus (IPS) drainage, long-term antithrombotic treatment being the cause of the recurrence ( Figure 2D ). This was managed by deployment of a coil via the IPS pathway, negotiating a Hyperglide Balloon via the femoral arterial route to temporarily occlude the fistula, and finally injecting Onyx 18 into the cavernous sinus ( Figure 2E -G). The clinical symptoms and signs related to fistula such as proptosis, bruit, chemosis and headache gradually decreased after endovascular treatment in the other 14 cases. 
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antithrombotic therapy is continued. Hence, rapid assessment and immediate surgical or nonsurgical intervention should be performed to avoid permanent neurological complications (10, 17) . However, long term antithrombotic increased the recurrence rate because it is not conducive to thrombosis of the cavernous sinus, particular in patients with loose packing. In our series, the patient recurred precisely because of longterm antithrombotic treatment. Hence, we recommend that it is not necessary to implement antithrombotic treatment if the fistula is occluded with micro-coils alone or coils-related thromboembolic complications have not occurred.
Micro-coil unraveling and stretching is a rare and serious device-related complication caused by repeatedly adjusting the position of the micro-coils (6, 19, 22) . If the micro-coil cannot be retrieved completely, the loose end of the microcoil floating in the ICA may prolapse into the distal part of the ICA and cause brain infarction. In our group, this complication occurred only in one case. The measure implemented in this case was to pull out and fix the unraveled part into the external carotid artery, which fortunately proved to be a rather simple, effective and safe option to prevent occlusion of the ICA. The embolization via SOV is an important alternative method for the refractory TCCFs, which were unsuccessfully treated when the transarterial approach has failed or is unavailable (13, 21) . As with any approach, there are also some complications with the direct surgical SOV approach (13, 23) . They include risk of damage to the trochlea or other orbital structures, causing retroocular infection and hemorrhage. The ocular signs and symptoms will also result in a very heavy psychological burden on patients and their relatives. Nevertheless, during the process there is always a huge risk of rupturing of the SOV, resulting in relatively unstoppable bleeding and consequent formation of orbital hematoma and loss of visual acuity. We therefore had to delay treatment for about three months in four patients, waiting for the SOV walls and lumen to grow thicker and bigger respectively. Furthermore, being a very delicate procedure, it had to be maneuvered very gently and precisely.
ConCluSIon
In our series, all of the patients were successfully treated with detachable micro-coils, either by a transarterial or transvenous approach. This method proved both safe and effective in the management of these refractory TCCFs, which could not be successfully embolized with detachable balloons. It may not be possible to densely pack the cavernous sinus, but subtotal packing also effectively occludes the fistula and alleviates the patient's symptoms. However, the inadequacies of this study are that the number of cases is inadequate and long-term follow-up must be performed in future studies.
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become the standard treatment for TCCFs at present and results in low morbidity and mortality. There are occasions, however, when detachable embolization is not feasible. This technique may fail, for example, if sharp bony fragments or foreign bodies rupture the balloon during inflation, if the tear in the vessel wall is too small to allow the passage of a balloon, or if the ICA is too narrow / tortuous to navigate a balloon into the cavernous sinus (5, 12, 15, 18 ). In the circumstances described above, placing detachable micro-coils in the cavernous sinus is an effective alternative management for TCCFs, either by a transarterial or transvenous approach. In contrast to a detachable balloon, the micro-coils are easy to retrieve, reposition, and exchange, if so required.
At present, most scholars advocate that the cavernous sinus should be densely packed in order to achieve complete blockage of the shunting flow with angiography cure of the TCCFs (2, 8, 20) . However, it was a fortuitously observed that the fistula was entirely occluded with loose packing by placing 3 micro-coils. So, as long as angiographic imaging revealed that faint persistent cavernous sinus and low-flow fistula in the later cases were observed, the micro-coils were not placed in the cavernous fistula temporarily, and angiography was repeatedly performed after 5~10 minutes. The next angiography revealed the residual fistulae was spontaneous closed in the other 10 patients. This phenomenon can be explained with the positive role of hemodynamic of the TCCFs, which is quite different from that of intracranial aneurysms. It is thought that a thrombus is more easily induced by microcoils owing to a decrease in blood flow passing through the fistula secondary to a decrease in blood pressure during general anesthesia. Another reason may be the relation to vascular spasm caused by the contrast medium. Spontaneous resolution of direct TCCFs by thrombosis of the cavernous sinus has been previously described in many reports (1, 7, 18) , which strongly supports our viewpoint. Though the fistula of one case recurred in our group, the most likely cause should be long term anti-thrombotic therapy rather than loose packing. Therefore, subtotal occlusion with small residual shunting flow may not indicate failure of embolization, and also does not appear to be a definite indication to place more coils. However, a follow-up angiogram is necessary to check the occurrence of spontaneous thrombosis.
In the literature, it is difficult to find a consistent viewpoint concerning proper antithrombotic treatment measures after the procedure of micro-coils embolization. Recommendations range from no antithrombotic therapy to full heparinization or double antiplatelet therapy (9). Bink et al. (3) encouraged that all patients should implement a strict antithrombotic measure, in order to avoid post-interventional thrombosis of the ophthalmic vein due to slow flow in enlarged draining veins after closure of the fistula. Recent studies have shown that specific attention must be paid to antithrombotic medications as excessive bleeding, including epidural hematoma formation may occur with interventional techniques when
